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R ZF B A 5 1R B 3h AR X B3t 2Y B ik 4h FR Y
BFIE R EERZ TR

WA BT MR MHE FEE

(1. R AN KA R 4B, AHIR B W 5 B i r 48 T SR =, KV 410128;
2. XTI A AT T, iR 2GX] 422400)

FE : ) F A R 42 5b RNAZ W Fr 3R 83K Spodoptera frugiperda 83 B AR, VB 5 Bk % #L.9%
# 3h # (Heliothis virescens ascovirus 3h, HVAV-3h) 4 #F 50 3+ %, 18 18 ] T R B 320 3 3 7k 4 &
RS AT R B Fe HVAV-3h G 09 58 == & A B 1) (BUR 2 BAR &, AT % AR 3 R AR S R 8Y
BRAFRRSTEARL T Hoh, ERIT, EHAAK 1284 & 0 R HVAV-3h /5 894 E58 T
F o3 A 9.22% A2 0,3~6 5 4h & 4+ ] Bk 4 HVAV-3h J& 9 4% 0B 58 T 5 M 2534 100.00% , B 4= HVAV-3h
G R E L KRB RAH T, 3~5 8 %0 KA R B FE HVAV-3h )5 69 A& B 1A B B K T R 4h &
3~6 4 R AT R B 4 HVAV-3h J& 4R & Ae R 3 5 B R B AR B e Fp R AE A, AR k) 2551
67.79% .41.68%.16.31% #= 10.30%, % BT 2 374 F 5 %] % 57.80%.33.90% . 17.42% F= 41.82%; -
W 3 8 4 R 4T R B G HVAV-3h J5 09 fh & Ae BUR 240 2 35 47 5) , BB K B3, R &£ 40 R I T
3[4 A~6 #5 B HVAV-3h %) & 5645 T AL 422 35 ik 40 &9 HvAV-3h B 3 58 98 7 242 )
BRI K, R LI E A R AR IR A B

KGR R Rk B R 0B Sh Ak (HVAV-3h) ; B BB 5 A B4 A

Infection characteristics of Heliothis virescens ascovirus 3h (HvAV-3h) in Spodoptera
frugiperda larvae and its effects on host growth and development

LIU Hang' LIAO Yongxin® CHEN Zhuangmei' ZHAO Linchao' HUANG Guohua"

(1. Hunan Provincial Key Laboratory for Biology and Control of Plant Diseases and Insect Pests, College of Plant
Protection, Hunan Agricultural University, Changsha 410128, Hunan Province, China; 2. Wugang Municipal
Bureau of Agriculture and Rural Affairs, Wugang 422400, Hunan Province, China)

Abstract: In order to find an effective method for controlling the invasive alien species Spodoptera fru-
giperda, Heliothis virescens ascovirus 3h (HvAV-3h) was used to inoculate the larvae of different instars
per os or by injection. The survival time, the mortality rate, food intake and body weight of the larvae
after infection were recorded. Further, the infection characteristics of HVAV-3h in S. frugiperda larvae
and its effects on host growth and development were analyzed. The results showed that the corrected
mortality rates of the first to second instars inoculated per os were 9.22% and 0, respectively. The cor-
rected morbidity rate of the third to sixth instars inoculated by injection was up to 100.00% with all the
infected larvae dead during larval or pupal stages. The survival time of the third to fifth instars infected
by HvVAV-3h was significantly longer than that of the healthy larvae. The body weight and food intake
of the third to sixth instars infected by injection were inhibited to varying degrees. The weight inhibition
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rates of the third to sixth instars were 67.79%, 41.68%, 16.31% and 10.30%, respectively, and the total
food intake inhibition rates were 57.80%, 33.90%, 17.42% and 41.82%, respectively. The body weight
and food intake of the third instars infected by injection were significantly inhibited and all the infected

larvae died due to the difficultly in molting during the larval stage. Some infected larvae in the fourth to

sixth instars could pupate, but could not complete eclosion. In conclusion, HvAV-3h can effectively con-

trol S. frugiperda larvae and has the potential to be developed as a biocontrol agent for controlling S.

frugiperda.

Key words: Spodoptera frugiperda; Heliothis virescens ascovirus 3h (HvAV-3h); corrected morbidity

rate; biocontrol agent

L O Rk Spodoptera frugiperda UFRFKELHL,
K& T 8% H Lepidoptera &% 1k Noctuidae 57 7% Ik
J& Spodoptera, Ji ;= F 5% YN A F I #4787 M X
(Sparks, 1979) , ] {Z 53 4ii T LMK Bl , R HZ A 22
Bkl 2 d (Todde & Poole, 1980) . B i1 57 77 1k
HAWSRAT CREST, H 2016 4F 1 H KB AN
JE B A AN gh LK (Goergen et al.,2016) ,{XH T
2 AE S R4 A B Fr DL RE ) ER 43 AR T T 42
2T 2018 4F 5 H 12 A B (Sharanabasappa et al.,
2018) , 2445 12 AR AZiifa) CREKIKSS ,2019) ,20194F
1 HRARE = (2 EHSE,2019a) , # £ 24F
10 HE P #2264 (HA X B RETT) (L K4,
2019b) , % F [ )G Z At FA s i 1R K

ST T A ROK K RS EEY
FUR (B3 ACTT HRLSE 2 PEVEY) 3L 353 FiE )
(Goergen et al.,2016) , HAEE &P HW 8] 52 A5 [7] [
FREMAR G EREE T, CXF 2R i FH R B0 = A4
TARE BT T R X B TC 2y R () sy T (X el
85,2019) 0 7340 AREGFITAIEIN, 555 | AR i i
A PREETE LA R0 ) (2R IR 55, 2008 5 FRE]
HAF,2014; 4L, 2018) o BIXEHHR AT SLGHIF
IR LB AT R i B A b [ SR R EL, S Bl 4 F
BRI ) FLBLRAR A ) T ) 7 45 R B )
IR AF PRI AR ZR DR AR A 728 4

UL TR — RO B e M T A Y XU
DNA [ HU% 2 (Federici, 1983) , B4 2305 18
PO ) BT SO R | BRI B BB NS 15 hi 05
H 4 g, Horb e i W2 A Rk L, 4
54 807 gk Trichoplusia ni HHZE7E Wk Heliothis vire-
scens \ Fif 32 % W& Spodoptera exigua ., ¥ 1 57 B 1 55
(Carner & Hudson, 1983; Hamm et al., 1986; Cheng et
al.,2005), HEALHGEETEEEH H OB A5 )iz
()77 S L E G 1 MR v AR, 2 i 7 AR e
7R YRAT A AE A 4 S AR [E] 51T % 4 (Govindara-

jan & Federici, 1990) . i 4 HUBR L WA 5F I 2E
KEFIRG WA TR R > R 6% B
H Wi Kz R ¥ (Carner & Hudson, 1983 ; Hamm et al.,
1985; Govindarajan & Federici, 1990) , & {15 7 7F
HARAA N S ], LSR8 A R, SRR R I)
BEV BRI B (Hamm et al., 1998) , fif i ik B
151 €4, (Federici et al., 1990 ; Bideshi et al., 2006) .
Huang et al.(2012) 7EFEEH 0 T ABF AR AL B Y Al
SR Mk 4y HEUUAR DA 4 B AR A R 28 1 Mk 8 YRS B 3h PR
(Heliothis virescens ascovirus 3h, HvAV-3h) , Jf- & ¥
HXT M8 1 Helicoverpa armigera  E 32001 . #HSC
W1 Spodoptera litura 55 BA TR BUH 1 A= BOEEE,
X AR TR ] 174 Bl 5 A 2 75t LA i ke
P REUR I M ANTEE . R, A ST SR Ge il
HvAV-3h X HL 1 57 )y e (8 J e e, DL SR b 5
R4 HUR YL HYAV-3h 2 5 AR K E B Rk, DU
SRy 1L BT ) A P B v S H AV-3h A B il R 1)
TEEF SR HERR AR

1 B 5%

1.1 #F#

BRI SR . S SRR A T 2019 4F
5 H K A A X TR R TR R A
AR 27+1°C DGR ] 14 L2 10 D &4 T 2647 4H
I A EMYAIE B AR AT A 2 B AR
VD HEHDFRAE 3R TS SRR 2000 FOK I 5 ATAR
BME IR S N IRZE RIS i R IR A
JIFL T 5 R R L LAY IR X R R F R F R
iR PR ILER . LR THIE

A3 7 : HvAV-3h i A 50 55 % #2 IE Li et al.
(2013) J7 KL AR 35 10 RSO R RE AT
B AT KR R4 fUE e e A2 T L kAT
FERb A A R A L A R DU T
WA HvAV-3h (T RBP4 7 3 28 &)y B IS 2 638
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RO A 7 1) 5 ARG AT , b7 1B RHLET 4L
HE R, 3 4l LR O e P . 5k
MAHEALN BRI 2 0.5 mm 54Kk AT, SR 5 FERISL
PR e N T AR B S 1) % WSCEE  HVAV-3h gk gL 7 d
Je PR 40y HEIL R B, B SA 5 75 LR £ [ s WSc B A e
BE RS 1 4y HIm Ak L R JICBE bk BV X R 4 )
4 IR B =20+ 1 CARAER

TR A58 BT FH 2 = Bl
Shimadzu AUY 120 J3 73 2 — K, #R &4t 1 A
YERT ; GZX-150BSH-IIT Y6 HE 35 3540 , LU Hr i )7
fr B A PR A 5 Axi Vert A1 ENE SO0 e, 18
R /A S
1.2 Ak
1.2.1  FHREIES £ 2R BF HVAV-3h X35

H AR 32856 % F Hu et al. (2016) #% 1] X 49 M 33
2, 3T HvAV-3h RS 6 PEAIG, AR 4 &)
B —ERCR I 4518 (Hu et al., 2016) , ABFSE A%
1.2 #4550 b SRR &y A T 1 IRJER iR 56 . 43 1
1.2 984 H 4 50 3k, DARFARIE 2R FRAE IR K 50 pL
BT MM Y 5URPRE 2000 T KB i 16w , 4R35
SRR 271°C JESEI 14 L 10 DL HUE 48 hs
Syt ol B S FARER A 40 FF RSk LB i K
- H AR 35 T T B4R 3.0 em . 5 2.8 cm A AR 55 1y
Brfs DA BI04 4K 50 pL JoEE Ik O Y K B
fEE I 5 1.2 04 4 PR R B A R AR 4l A K
KRB IF I L A I R] SET- Bk A,
AL IEACT - AL IE AU T = (A BEAE TR - X B AL
T23)/(1-XF BEAET- %) x100% o
1.2.2 MR ROk 4 S AR AP B 4 HVAV-3h X 36

FH T 1~2 1% 5l 5 7 &l AR R )N A SR BT A
ST iy, DR A | BV AUL 2 A e ™ O
AT AL , AUVEE X B S 3~6 IR A U J . 2
HR S 3 A B b 7 VR EA T LR, 43k
B3 .4.5.6184% 0145 96 3k , Hirpr 48 S 45 & 53 1l bk
L, 48 SLAEFN IO EE Mk EUAEXT IR, 23 7E 27+1°C O
JEII 14 L2 10 D 4508 T 53k A 55% TR 15452 3.0 em,
1 2.8 em YRR SR Gy B H TR i N T ARDEL
FERC A BAF TG i) FET Sl fb g, 5 H T 45
Z—HLF R K (R — R [R]AR Bl A i A ek
& R A, RO RCE A i i [
IESS RSN AN PN KT 5 WGP N
R )R G rh BRI A, I T s A 7K
4378 K% (Lietal.,2013) . HECE E=1ak 9] iH &
i (1-1apkEH 7K 5378 & 32 -9 &) U I iR k)

T DR K 4325 R 3R=1-7K 43 75 & 5 il k) B /)
B DRl E s Bk 2 e RO B BASK 4 il H B
B2,
1.3 #ESH

fifi FH SPSS 16.0 FX X5 B E 1 T 58110 B
1. H Kaplan-Meier 35 47 A7 0B , 10T
Fsf 18] ST, Sz 95% & A7 X [8] , I3 i Log-rank 72 X A=
17028 1 22 S A7 0 B MRG58, R ¢ 000 565 30k o
i TRk Ay R PR RN R e AT 25 5 ARG
¥, {diFH Prism 6.0 27K .

2 BERE5HM

2.1 EME R4 OAR HyAV-3h JF R B4 4

FH ST 1.2 %40 B IR HYAV-3h Ji5 )k g
FBOOCBIAR , R IESET- 2850000 9.22% F1 0., T A
AR FRH AN 23k 14 % B HvAV-3h Jikg , K80
HUARTR € JULPR SR AR I8 R PRI A | % 101 4
FELE 208K 2 30840, HAAG I E] 4351 12 d AT 14 d,
LA b F2H &)y By 5 {4 H ) 2 U o 25 S
FEREMTA AL, P4k A A
2.2 BRI RETRAET HvAV-3h S RIBEREFIE

DL 2 A 0 72 B AT A X 3~6 1 b 57 B ik 4
AT B 3 Bl HYAV-3h 5, BT 4 24 52 51 &
Yo, R IEFET: N 100.00% , {H A 5] 1 1] 417 %
HvAV-3h B 5 1 4R K R & DI fE B B AR T, 3 e 4)
AU Y HVAV-3h J5 AN B8 18 D0 1k 0 , 35 7 4 U191 3
T, LI 054 85 4h HUBYY J5 /D3 43 BE BT fL 1
1M 5.6 W4 HURYL 5 IS o B 2 ALl , 4.5 .6 1%
4y A AR 2R3 51 K 14.29% . 60.42% F196.30% , {H
ah AL S ASRERIAL  IFERRIIAET .

Kaplan-Meier 4= 17 [ £k 73 7 45 S s, 3 .4 il
5 i % UYL HvAV-3h 5 1921 807 105 e 18] 5 £ 4
M P25 55 i 2 T 6 40 HUE Y HVAV-3h Ji5 12
BAFTE A S R e B 225 (K D, 3.4.5
16 W FE 4y BTG B ) 43 3R 9 .8 L7 RIS d,
Ay TEHERN IS 7~8.5~7 . 4~5 1 1~2 d BT 44 HE A 75
G, A3 BB 7~11 . 7~10 . 5~8 Fl1 2~5 d 58 Jhi Ak 4 ;
M 3.4 14l SR YL Hv AV-3h Ji5 1921 5077195 sk ) 4 e
FRELN K o 13 d HAERER R RESE5ET ;5.
6 4 4 A Bk HVAV-3h Ji5 (921 5077 16 s (8] 54 8 d
4 d, 73 e SRR S 4~5 d F1~2 d TP IR PE A T 30
e ) IR (EPS S e S ok R

B b 5 7R Mk 4 HURR Gk HVAV-3h J5 1 A2 77
i £k ) AR BRSOV (B 1), 48 Log-rank 325 K6 56 45



878 iR/ B A= S 1

47%:

IR, 3 .45 040 HUBYE HVAV-3h 5 AOA7 5 s TE] 5
et R4l R 22 53 B 2 (344« =58.367 ,df<1, P<0.001;
415 - =69.326,df=1,P<0.001;5 1 : =18.115,df=1,
P<0.001) , 6 % 4 HUB YL HvAV-3h Ji5 A 7735 15 1] 5

fet 4l HJC B 3% 25 5 (=0.002, df=1, P=0.965) , %
B 6 4l A DR Ay RIS A i 4 o ) K e BN 1
i 22 5240, e i A4 H bk HAV-3h B 5 25 i
EIER ARG I ]

1 EHb SR 4 RS RI R HVAV-3h [RHY 77 & B i8]

Table 1 Survival time of Spodoptera frugiperda larvae after HvAV-3h inoculation by micro-pin injection d
3% Third instar 4% Fourth instar 5% Fifth instar 6 1% Sixth instar
MR SRRAENE 95% EARIKI] CEEUETE  95% BANIKIL CEEUEE  95% BAEIXI] CEEUIE  95% i X
Treatment BHE] 95% confidence ]  95% confidence BFE 95% confidence BtE 95% confidence
STy, interval ST, interval ST,, interval ST, interval
FRYAH 13.040.4 2 12.2-13.8  13.0£0.5a 12.1-13.9 8.0£0.5 a 7.0-9.0 4.0£0.0 a 4.0-4.0
Infected larva
fatFE4) 9.00.2 b 8.6-9.4 8.0£0.1 b 7.8-8.2 7.0£0.1 b 6.7-7.3 5.0+0.0 a 5.0-5.0
Healthy larva

e TP 2RO I I (B RS S P A B iR o [W] 81 )5 AN 6] B R R 48 Log-rank 545 B0 7 P<0.05 7K °F- 22 5 % . Data of

ST,, are mean+SE. Different letters in the same column indicate significant difference at P<0.05 level by Log-rank test.

— RBYeshH Infected larvae  ---- {84 R Healthy larvae
100 A =1 100 -
50 - E 50 -
S I
Y i
g P<0.05 L,
= 0 T T : T 1 0 |
E 0 5 10 15 20 0 25
=
2] 100
b D
"
&
so4 :
0 P>0.05 —
1 T T T 1
0 5 10 15 20 0 2 4 6 8
It 1] Time/d

A~D: 3.4.5.613%, A-D: 3rd, 4th, 5th, 6th instar larvae.
B 1 Eih e AR R R HvAV-3h BRI TR &

Fig. 1 Survival curves of Spodoptera frugiperda larvae inoculated with HvAV-3h by micro-pin injection
P<0.05 /R 4 Log-rank K5 45 8 Y HvAV-3h &)y R g B4 dt 22 ] 22 5 i %, P>0.05 /R P4 (B JC b 3% 25 5% . When P<

0.05, there is significant difference between infected and healthy larvae by Log-rank test; when P>0.05, there is no significant dif-

ference between infected and healthy larvae.

2.3 $HRIEGE HVAV-3h XF4h A K& BRI
2.3.1 4R R HVAV-3h 314 k1K & 64 % v

B S0 I 4 BB HVAV-3h i, 408 40 i
PREE A7 31 T AN R R EE A4 075 00 A Al 5 S
W14, 3.4.5 F16 W4l L AR SR 5300H 67.79%
41.68% .16.31% F110.30%. 3 &4l HUR G HvAV-3h
Je R S FE A AR S 1~10 d 225 B 56

1 K :t=-2.480,df~73.909,P=0.015;55 2 K . =4.272,
df=79.383, P<0.001; %; 3 K : =-3.050, df=84, P<
0.003;%5 4 K :=—10.837,df=50.036, P<0.001; %5 5 K :
=-12.112, df-51.184, P<0.001; %5 6 K : =—14.468,
df=55.018, P<0.001; 5 7 K . =—11.145, df=51.741,
P<0.001; %5 8 K : =-6.412, df=30.930, P<0.001 ; 5
9 K . 1=-9.935, df-48, P<0.001; %5 10 K : =-7.080,
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df=37,P<0.001; ¥l 2-A) . 3 ¥ R4 RAE AN IO H
MR LSS 0~6 d AR H 28 T, A 25.27 mg 3 K 5
349.30 mg, 2 7 KIF UG PE A TR, R 288 T R
1M /8% 4% HvAV-3h &) U AE R 5 0~17 d A iR E ARk
BN TE 26.24~112.54 mg 2 [0] , HIGHE A TR

4154 UYL HyAV-3h J5 iR 5 {4 B e
MG 1~8 d 227 B 3E (55 1 K:=-2.524,df=82,P=
0.014; %52 K : =-6.229, df=82, P<0.001 ; 4 3 K
==7.729,df=65.411,P<0.001; 55 4 K . =—10.243 , df=
64.441,P<0.001;%5 5K :/=—8.711,df=65.199,P<0.001 ;
956K 1 1=-3.759,df=82, P<0.001; %5 7 K : =-2.293,
df=73, P=0.025; % 8 K : =—3.784, df=48, P<0.001) ,
FEEAN A 9 R T 22 57 (5 9 K :=-0.631,df=35,
P=0.532;1%12-B) . 4 {aFR4) A LR O EE ik 2
J5i 0~5 d AT A8 K, )L 50.94 mg i KF1] 387.08 mg,
55 5 RIT IR A TR I 5 177 /84 HvAV-3h %) 77 4%
FifE 0~6 d R B AT — & 59K, M\ 49.34 mg 3 K %)
225.75 mg, 5 7 RIF IR IR S B 2212 T R

54 UL HVAV-3h 5 K 8 5 il R4 s 7
FEM G 0~1 d Jo I 35 25 5% (55 0 K : =-0.747 , df=68,

—o— JRYu4h & Infected larvae

500 1 A
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500 7 C

A% Body weight/mg

400 5%
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o 4
—
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g
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91011121314151617

T T T T T T T 1
6 7 8 9101112131415

P=0.457;%5 1 K . =—0.223, df=68, P=0.824) , TEH Fh
Jii2~4 d B 35 25 57 (35 2 K =-2.157,df=68, P=
0.035; %5 3 K : =-3.590 , df=68 , P=0.001 ; % 4 K .
=-4.147,df=52.110, P<0.001) , 7EFEFN S 5 KIC B %
25 (555K :=-0.954,df-67,P=0.344; K] 2-C) ., 5%
R A RAE AN O EE MM )5 0~3 dAREE I 3G K,
M 111.62 mg 34K 5] 386.75 mg, TE55 4 KITMA#E A
TOURE I, 44 8 B 5 TSR G HYAV-3h 2 7R HE R S
0~3 d A4t BB S 386 K, K 108.28 mg 14 K 5
323.67 mg, E45 4 RIFUGRIE AT, AR T B0 N

6 141t L HVAV-3h 5 B 8 5 (il 34 s 7
HERhEE 1~4 R2E5 B2 (5 1 X =-2.334,df=48, P=
0.024; 55 2 K :=-5.364,df-40.533,P<0.001; %5 3 K :
=-4.917, df=48, P<0.001; % 4 K : =—6.051, df=22,
P<0.001;&2-D). 6 it 4l dAEF2 A 0 85 1l ik
Jii 0~2 d /AR H BB B K A 265.76 mg 3 K 3|
397.83 mg, fE 55 3 RIF MR iE A TR, PR =T B 5 1
JE&YE HVAV-3h ) UPEFEAN 5 0~1 d Rt 30 ] il
K, L 268.91 mg 15K F1] 356.88 mg, 755 2 KT ik
AT, AR EB T T

—o— BRI H Healthy larvae

5001 B
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300 ~
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(I) i é 3I élt % é % ili 9|1|0 llll|21l3l|4ll51l6ll7ll8
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B R Days after inoculation/d
A~D: 3.4.5.6¥%4H . A-D: 3rd, 4th, 5th, 6th instar larvae.
B2 BB iH4) BRI R HVAV-3h G YA E
Fig. 2 Body weights of Spodoptera frugiperda larvae inoculated with HvAV-3h by micro-pin injection
Pl P bR LR o 3RO HYAV-3h 4l HU5 R4 22 8] 28 e 36 VE A 30 7E P<0.05 /K-F-22 57 {2 3% . Data are

mean+SE. * indicates significant difference between HvAV-3h-inoculated and healthy larvae at P<0.05 level by ¢ test.

2.3.2  4Hh) B HVAV-3h #4h & B ARS8 %R
314 UYL HvAV-3h J5 19 H BUE = S5t RE4)

HAEMIEH 1 RIEREZE S (B 1 R:=-1.259,df=
84,P=0211) , 7E#ERN 5 2~8 d I 0 W 35 25 5 (5
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2 K :1=-4.395,df=84,P<0.001;%53 K :=-6.919,df=
58.495, P<0.001; %5 4 K : =—7.772, df=46.165, P<
0.001; %35 5K : =—8.628,df=50.281, P<0.001; 55 6 K ;
=-11.257, df<41.122, P<0.001; % 7 K : =—-12.708,
df=16.995, P<0.001; 45 8 K : =4.457, df=5.042, P=
0.007; ¥ 3-A) o it FE &)y A 7E H R 0 25 1l ik 2 )5 79
1~7 d HECE &8 KB B, ) 99.25 mg 3 K %
415.16 mg, 55 7 K IF U iE A FUH I, BCEr 538 T
T B TR HVAV-3h &) 7R 3R 5 19 1~8 d H HL
BB WET, M 89.18 mg [ % 30.23 mg, &5 9 K
TG IR R A AE R AR, JCTEE AT 197,

A AETRAET
44 4 UYL HYAV-3h 5 (1) H BUR B AR RT S
1~7 d B il B 40 W 2 BEAIR (36 1 K . =-2.554, df=
82, P=0.012; %5 2 K : =-2.053, df=56.416 , P=0.045;
53K :1=-3.855,df=54.336,P<0.001; 45 4 K :=—9.650,
df=56.235,P<0.001; %5 5 K : =—6.576, df=40.401 , P<
0.001;%5 6 K :=—4.324,df=10.017, P=0.001; %5 7 K .

m RYe4h i Infected larvae
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=-3.040, df=5.082, P=0.028; [¥ 3-B) . fdt |4 1
AT G4 dN HIRE 2 LGS, A
203.77 mg H4K 3 372.46 mg, W45 5 KIT 1 ik A i
WD, RS B T B 5 /R Y HVAV-3h 4)) U 7R 422
FlE 1~7 d ) B BUCE B 52 TR, I 172.25 mg %
% 51.47 mg, Fifif5 H H B i — HAERRERARK

5 W 4l BB YL HvAV-3h J5 /Y H BUE & S {4
BAEEME 12 d R EERF G 1R :=-0.191,df=
68,P=0.849; %52 K : =—1.757,df=59.703 , P=0.084) ,
TEHEA IS 3~5 dFFE R 25 55 (B 3 K. =-2.016,df=
68, P=0.048; %5 4 K ; =-3.856, df=59.839, P<0.001 ;
55K =—6.107,df=20,P<0.001 [§] 3-C) , fa@HE4)
TERERN TR MK )5 1~3 d A H U i R 1 K
N 142.68 mg K 5] 426.81 mg, 5 4 KITHEHEA
Tk, H R B R R MR HVAV-3h &) H7E 42
PG 1~3 d H BCE i B 38 K, ) 139.29 mg
HIK F)360.42 mg, 55 4 RIFtH i ATl i, H R
MR

O {@fE4hH Healthy larvae
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B3 B oy A4 mET RIS HVAV-3h G HENR 2
Fig. 3 Daily food intakes of Spodoptera frugiperda larvae inoculated with HvAV-3h by micro-pin injection
Pl rp e P S R bR . * R I HVAV-3h &)y 5 Rl HL 2 8] 28 0 96 A 00 1 P<0.05 7K-F- 22 5% 3% . Data are

mean+SE. * indicates significant difference between HvAV-3h-inoculated and healthy larvae at P<0.05 level by ¢ test.

H1THERI S 6 W% )y HUFEI I ()L, et B 4 A
S HvAV-3h )] B LEAE R 55 2 K ENIT U6 HE A T
U, LR K H R 5 3.4 S i 4 IR AT AE ] I

Z50 ., KR 6 i 2 d kA TR AT A BE o, B
i 275 1 R AdE R 4l U HVAV-3h 4 U H ECE
HEERE 2R (51K =-3.156,df=48,P=0.003)
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W2 R EEF(=0.312,d~30,P=0.757; 1 3-D),
WL K TR 6 % ki 4y s AR YL HVAV-3h 4 s 5 7 2
FlS 2~5 d 58 A , T2 HVAV-3h 4 B4R i 5
HOTCTE IEH Pk, B B 7 S A N AR S, Bl

2.3.3  AHH] R HVAV-3h 21 40 & BR300 %R

F b SRS A HVAV-3h s HAE K E B T
WA — G (L SRR A A e Al e S
IR 2) , R BRI I 3~6 140 H i SV
2R 57.80% . 33.90% . 17.42% F141.82%

R2 EMAEESTR RS HVAV-3h S RAMER A R B SL S IA R
Table 2 Total food intake per Spodoptera frugiperda larva inoculated with HvAV-3h by micro-pin injection and healthy larvae  mg

3% Third instar 4% Fourth instar 5% Fifth instar 6% Sixth instar
Bl 4) 586.90+37.09 b 917.45+£39.43 b 998.36+31.77 b 465.31£35.99 b
Infected larva
Rt R 4] 1392.95+32.53 a 1387.89+52.38 a 1208.89+27.54 a 799.71+42.35 a
Healthy larva

R BRI AR DR . RPN R R R R 48 ¢ B A B0 7F P<0.05 /K 2253 123 . Data are mean+SE. Different let-

ters in the same column indicate significant difference at P<0.05 level by ¢ test.

3 it

AT FT 45 S W, B ST AR AN 1 ) 9 4l
fiE 38 o 11 IR 34 75 9 HVAV-3h J& e | HL R g i AR
I RS IEFE T AU K 9.22%., Hu et al.(2016) Bf 57 45
R [AAE 16 B HVAV-3h JL-T- AN Rl 1 11 R a4 12 Jak
TSP gt 1y v e i 0y L AN 1~2 1% 40y B LA AR
IRV | 42280 HVAV-3h 1 1.2 IR B gk 4 H Ay
WMEIEFET R0 5100 21.88% F122.22%, JLAE X su 4k
B HvAV-3h il o 171 R 385 728 J8 G i S5 3 0 40 1
TSR g L &) L R O (SR SR U NTTR= I e}
T4 HE IR HAV-3h ARURCRMAR

FERF AL, 98 16005 75 2 2 1 Bl R &) A A Y
FRERAT A, B O S A R LT LR 4G (R 1 1
F 4 MK (Govindarajan & Federici, 1990;Li et al.,
2016) , {91 T I e AR 81 2 Sk A Bk B Cardiochiles
nigriceps . 25 Wi % Campoletis sonorensis F1Z1 2 Ml
VEEIE Microplitis croceipes 5552 S 505445 (Tillman
etal.,2004) ., FEUIHEEVE N — PR T %5 A 06 7 B
17 A A T 4R A B 25 35 (Hamm et al., 1985) , 7E
S5 PN 3E A IR AR A F2 gl L 3R
TR H A i P SR R RN AR i A O 7, A0 B ] Jk g
HvAV-3h 1) 3 .4 F1 5 i G2 k4l U AL IE AR T3
5391k 96.58% 98.83% F197.78% (Hu et al., 2016) ;
A5 45 S 0 2R B B B s HVAV-3h 11 3~6 1% 5L
Hiy 57 gk 4y U RS IE BB T 34 R 3k 100.00% , $4 7
4 AU e I BE T

AT P B S I 4~6 15 4 AU HVAV-3h
Je 3R H R H oA A7 2 B s, HRBAE AR
DAkt . M7E HVAV-3h Jg s 3~5 S E i ik 4l Ha )

WFFE i, Bl 4 B2 22 P18 K B AR i i R e Ak
M (Hu et al., 2016) , X 5 A 5T 45 RAFFE—E
FE5E o T2 S ) SR DR ] R R b B I R R 4
AT HVAV-3h (I HEHTRE 7 3L BI04l Hum o, 2
R FEiE— A . % F HVAV-3h Y &
SO RO 7 R, SR TP IR 4 U
CIFE iR e RS I NTTR SRV € T A
AU R VR SR A B e SRR P B AR O £
P, ARRFTRAE R BN EBRYE HvAV-3h 11 51 57 3 0k
41 B R ZRB LA S AR R Rl A K
RELV L2 A 058 Rz PRI 255 BRIV, Fre 28T &0y A 30 ok
BIPET, oIk e A AR TG 5 o B HVAV-3h 11 3 1%
FISRER M RS L RS &) U B A e e
55 2~3 KA E W0 (Li et al., 2013) , 4 7 ik
41 o AR 2 R R a2 B 4 S ) (Hu et all.,
2016) , ARWFFR &5 K5 Ll AfF 5T 4518 — 2, £ W
HVAV-3h 7£ 5 b 530 kA= ) B i S0 R R ELA A0y
(T A8 1

OB FE 3R, ik Ak | SR R R L g
2l 1L 2N 1 TR M % 2 R A ) B AR R GRE [l
45,2019) , 7] s A 24 K H 0l FH 43 I 2 R B R B A=
AR AT, W 3 R AT A e A A7 T R
FI B 22 4t o™ S b (IR 7N 55, 2014) o 4Pk,
B BYUREY) &R, i T HE E R BUEY)
(WA I EEANE | 1 1 T 5 o 0 S 5% BeAE Y
Pt 5% (Fatoretto et al., 2017) , {dif5 B Hh 5 1%
W BT 1A A 2 R , AR AR R S s &, HIJC:
BN . AE R M SRR B A U R E—
B G T R HACR A B, v L@ s Aol B 6 B
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1B AEEBTIR MRS 2RO R A I (R
25,2019) , FH A HUT RS AR e A R0 & 5
TR I B H ] st it D LA 24 e Sl 2
B 36 75 1 REAE T fi0AT R0Hh 2R O B Ml S R Ik 4 B, A
ANFEARDIA BRI R T, R BRI AR 24 4 PR B i
JSLITE e, B 22 0 ) A 0 5 DX 6 4 kR A
IR R, TR0 K I L RE A Ak il f AR b 5 4R
KA, FEor A A9 Z 6 (R D R38R0 VR L A R T
J V4 1 T R ) A A I TR AR AR 2R R e
T A Az = 4 o W7 [RANTA HL B Microplitis si-
milis R R b 5T R 0 04— FhAS KK, figad i H ™
YRAT ML #E HvAV-3h, 2 HvAV-3h 78 R0 ik A
S 0k 4l AL AN ]34T (Li et al., 2016; Chen et
al.,2017; BfoH: 345 ,2019) o PRLkE , A4 FH 3T G ) 74 2
14 A% HvAV-3h e Bl i 0 33 70 ik LA R 401 2
YR ¥4 N RS . HVAV-3h A/ —Fhigsl H o ikl
B BT AT WP NE B A BB S
] B b £ 7 R <hy A A A ER R BRSO RHL R
B R B v DR G A A U 58 A, i
“HvAV-3h—fr A 4 8 — el ST A e ) " =35 2
BB HAESE R WA A SR E AR R, LA T
b BT B A
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